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ponding decrease in diffusion current constant
and half-wave pot en tial (Table 2). From these
results it is concluded that glutamic acid in 1°1t
DMSO. sho.uld ~e .in 'zwitterion' form (B) and it~
reduction m acidic aqueous media=" proceeds by
following mechanism:
COOH COO-
• I -H+ + I -H+
HaN -C- (CH2h-COOR ~ RaN -C-(CH.).-COOH ~I +H+ I +H+H H
(A) (B)
COO-
• In, -C- (CH.h-COO-
I
H
(C)
The above mechanism suggests that L-glutamic
acid being a bifunctional acid, two electrons are
involved in the reduction process. The values of
diffusion current constant given in Table 2 in various
supporting electrolytes also support that glutamic
acid reduction proceeds by a two-electron process.
In 100% DMSO, Purdy et al.3 have reported two
waves of equal length each representing one electron
process. It appears that these waves might coalesce
and a single wave may be formed in aqueous solution
probably due to the rapid conversion of (A) to (B),
i.e. formation of zwitterions in aqueous solution.
The carboxyl group adjacent to the ex-amino group
is reduced first very rapidly due to the proximity
of charged (N+H3) and before reaching its limiting
current potential value'", the reduction of another
carboxyl group starts resulting in the coalescence
of the two waves into one.
Solution (5 ml) of 8x i0-4M glutamic acid in O·lM
NaCl04, 0'002% Triton-:x.-l00 at a limiting current
value potential (1,54 V) was electrolysed under
nitrogen atmosphere. A cathodic wave was ob-
tained berore, after 2 hr and after 6 hr electrolysis
of the above solution. The changes in El/2 and id
are summarized below:
Before electrolysis
After 2 hr electrolysis
Aft er 6 hr electrolysis
-E! (V)
1'3385
1·3415
1·3570
ia (!LA)
5·60
4·70
3·00
Increase in -E! after electrolysis supports the
irreversible nature of the electrode reaction.
The decrease in id is due to decrease in the rate,
at which the e!ectroactive species diffuse into the
electrode surface as electrolysis is prolonged-",
Since the reduction of t-glutamic acid (8X 10-4M)
in 1% DMSO is irreversible, it is considered expedien t
to determine the values of transfer coeficient (ex)
and formal rate constant (Klh) for the electrode
reaction by applying Koutecky's" theoretical treat-
men t as extended by Meites and Israel'" and
tabulated below. The value of exnwas obtained by
equating the slope of Ed.e VSlog [(i(id-i)-0·546 log tJ
plot to-0·0542/exn and the intercept of the same plot
giving El/2 was used to calculate Kf,h from Eq. (1).
E
1
/
2
=-0.2412+ 0·05915 log l'349xK;,II ... (1)
«n Dl/2
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TABLE 2 - EFFECT OF VARYING DMSO CONCENTRATION ON·
DIFFUSION CURRENT CONSTANT
% DMSO Diff. current
in water constant (I)
01·0 4·087
11·0 3·065
21·0 2·578
31·0 1·946
41·0 1·411
51·0 0·925
1·3765
1·2570
1'2270
1·2145
1·2060
1·2050
TABLE 3 - VALUES OF THE VARIOUS KINETIC PARAMETERS
Temp. KOf,II an -E1/2
(0C) (V)
30 10'36xl0 12 0·452 1·370
40 16·69 xl 0-13 0·502 1·351
50 43 ·81 xl 0-14 0·542 1·333
The sign and meaning of the terms are same' s
described e.arlierI4. Th e va lues of th e kin etic para-
meters at differen t temperatures are given in Table 3.
It was observed that with increase in tempera-
ture, th e val.ue of E1/2 shifts towards more positive
valu~s, sho",:wg the e,'Sler reduction wbich supports
the ~irreversible nature of the electrode reaction.
Tll? enthalpy of activation (t:;H) for the electrode
reaction has been calculated by equating the slope of
log Kf,h vs IJT plot to (-t:;H(2'303)R and was found
to be 8·50 kcal/mole.
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A polarographic method has been developed for the
simultaneous quantitative determination of metal ions
in their ternary mixtures: (i) Cu", Zn2+,Mn2+; (H)Cu2.,.
'Cd2., Znh and (iU) Cu", NP', Zn'·. Tris(hydroxy-
methyl)methylamine (0·5M) is used as a complexing
.agent in the determination of individual and mixtures
of metal ions at pH 10·5 and I1=O·IM. Polarograms of
both individual and mixtures of metal ions are well-
defined and separated.
,ONLY a few methods are described in literature
for the simultaneous polarographic determina-
tions of copper, cadmium, nickel, zinc and manganese
ions. Zuliani and POZZOldetermined Cu2+, Zn2+ and
Mn2+ ions in the presence of iron and nickel.
Jezdinsky2 estimated Cu2+, Ni2+ and Zn2+ ions
using a base solution containing Tiron and KCN.
Skobets and Povkhan-' determined Cu2+, Cd2+ and
.2n2+ ions in ammonium acetate medium by oscillo-
graphic polarography. Nitric acid (IM)4 and molten
ammonium formate" have been used for deter-
mination of Cu2+, Cd2+, Pb2+ and Zn2+. Wolff
and Nuernberg" used a radio frequency method for
analysis of several mixtures. The polarographic
behaviour of Cu2+, Cd2+, Ni2+, Zn2+ and Mn2+ ions
individually and of their mixtures, viz. Cu2+, Zn2+,
Mn2+. Cu2+ Cd2+ Zn2+. and Cu2+ Ni2+ Zn2+ in
tris(hydroxYmethyl)methylarnine ha~ bee~ investi-
gated and methods developed for their simultaneous
quantitative determination in mixtures.
All the chemicals used were of reagent grade.
Conductivity water was used in the preparation of
all solutions. Metal ion solutions were prepared
from AR samples. The ionic strength was kept at
0·1 by adding the requisite amount of potassium
nitrate (AR grade). Tris(hydroxymethyl)methyl-
NOTES
amine was a BDH sample. The polarograms of the
deaerated solutions were recorded at 250 ± 0·1 0 with
photographic polarograph system, Heyrovsky LPSS.
The potentials were measured against the saturated
calomel electrode using agar-KN'O, bridge. pH
measurements were made using Elico pH model
LI-10. Doubly distilled mercury was used for
dme. The resistance measured by a conductivity
bridge was less than 500 ohms and, therefore, no
correction was made for iR drop.
The half-wave potentials of the ions shifted to
more negative values with increasing [Tris] (0·5 to
2·0M) and increasing PH values. The reduction
waves remained well-defined at all [Tris] and PH
studied. The half-wave potentials in O·SM Tris
in the pH range 9 to 12·0 are reported in Table 1.
A series of polarograms were recorded with
different aliquots of metal ions in O·SM 'tris' at
pH ",10·5. When the diffusion current was plotted
against the metal ion concentration, linear plots
were obtained indicating the feasibility of this
TABLE 1- EFFECT OF pH ON HALF-WAVE POTENTIALS
{fL(KN03)=0·IM [Tris]=0·5M; [metal ionJ=1 mM}
pH Ei-(V)vS SCE
Cu2• Cd" N"+ Zn" Mn'+" l
9·0 0·336 0·723 1·037 1·205 1·634
10·0 0·392 0·736 1·045 1·224 1·642
10·5 0-420 0·745 1·080 1·280 1·655
11·0 0·437 0·766 1·095 1·298 1·665
11·5 0·462 0·786 1·121 1·324 1·672
12·0 0·490 0·810 1-145 1·376 1-678
TABLE 2 - ANALYSIS OF TERNARY MIXTURE CONTAINING CuZ+, Zn2, AND Mn-+
Cu2+ (mg)
{[Tris]=0·5M; pH ••..•I0·5}
Zn2+ (mg)
Taken Found Taken Found
1·5252
1·6523
1·5887
0·5228
0·7842
0·9802
1·5252
1·6364
1·5887
Found Taken
0·5242
0·7768
0·9802
0·5500
0·5500
0·6600
0·5500
0·5500
0·6680
TABLE 3 - ANALYSIS OF TERNARY MIXTURE CONTAINING Cu-+. Cd-+ AND Zn2.,.
{[Tris]=0·5M; pH .•..•1O·5}
Cus+ (mg) Cd2+ (mg) Zn2+ (mg)
Taken Found Taken Found Taken Found
1·2708 1·2668 1·6860 1·6860 0·7840 0·7842
1·2708 1·2708 1·3500 1·3500 1·3076 1·3129
1·5885 1·5552 1-1240 1-1240 1·3076 1·3129
2·2242 2·2107 0·9000 0·9000 0·9149 0·9256
TABLE 4 - ANALYSIS OF TERNARY MIXTURE CONTAINING Cu2+, Nit+ AND Zn2+
Cu2+ (mg)
{[Tris]=0·5; pH .•..•1O·5}
Ni2+ (mg) Zn2 (mg)
Taken Found Taken Found
1·2708
1·5252
1·2708
0·8190
1·1700
2·1060
1,2708
1·5252
1·2708
Found Taken
0·6538
0·7842
0·9807
0·8190
1·1790
2·1060
0·6484
0·7792
0·9807
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method for the quantitative determination of the
metal ion.
The effect of height 0 f mercury column on id has
been studied and the plot between id vs vh is
linear indicating diffusion-controlled limiting current
of all these reductions. However, the log plots
obtained gave values for slope different from those
required for reversible reduction except in the case of
cadmium. Hence these metals, except cadmium,
are reduced irreversiblv,
The E~ values were" well separated and in view,
of the analytical applications of different metal ions
in mixtures, different synthetic mixtures were pre-
pared. The analysis of the following mixtures were
carried out in pH ,,-,10·5 using 0·5M tris and O·IM
Kl\03: (i) Cu2+, Zn2+ and Mn2+ (Table 2); (ii)
Cu2+, Cd2+ and Zn2+ (Table 3); and (iii) Cu2+, Ki2+,
and Zn2+ (Table 4). The results obtained are
satisfactory.
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Electrode reactions of Cd(II) with itaconate and
with oxalate-itaconate as mixed ligand ions have
been studied polarographically. Cadmium(II) forms
three complexes with ita con ate ions (ITA)" with their
respective stability constants, in two different electro-
lytes (KN03 and NaN03) at ionic strength 2'5M, as
follows: log P, = 1'73, 1·78; log p, = 2·36 ± 0·09, 2·30
± 0·04; and log P3 = 3·20 ± 0'05, 3·39 ± 0·07. Schaap
and McMasters treatment points to the existence of
three mixed ligand chelates having 1: 1 : I, 1: 1 : 2
and 1: 2: 1 ratio of Cd(II)-Ox-ITA. The observed
enhancement of the complexation constant of the
mixed ligand chelates has been explained on statistical
considerations and on the possibility of simultaneous
rr-bondtng of Cd(II) with both the Iigands.
THE for;nation. of ~1ixed ligand chclates .of Nd3+
and v 02 r- WIth itaconate and phenolic acids
were investigated potentiometrically in this labora-
tory+". In continuation of our earlier studies3-7,
we report here the polarographic determination of
the formation constants of Cd(II) with itaconate
and mixed ligand complex with oxalate.
*To whom all correspondence should be addressed.
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Reagents used were of AR grade. Potassium
oxalate and potassium itaconate, at PH 7'0, were
used as complexing agents. KN03 and NaN03
were used as supporting electrolytes and to main-
tain the ionic strength at 2·5M. The experimental
technique was the same as described earliers-s.
DeFord and Hume's" method was applied to
evaluate stability constants for the two-electron,
reversible and diffusion-controlled reduction of
Cd(II)-oxalate system at pH 7·0 and at ionic
strength of 2·5M (KN03). The values came out
to be log ~10= 2'70 ± 0'04, log ~20= 4·07 ± 0·15
and log ~30= 5·14 ± 0·06 and agreed well with
those obtained by earlier workerss-"+'.
In each solution of the system Cd(II)-itaconate,
Cd2+ was 1 mM. The [ligand] was varied from
0·05 to 0'70M, and the ionic strength was adjusted
to 2·521;f by addi~g appropriate quantity of KN03.
In a second set instead of KN03, the supporting
electrolyte used was NaN03. A single well-defined
reduction wave appeared in both the sets and
the plots of id vs ,Ill (It = effective height of
mercury column) were linear, passing through
the origin. Again, as expected, the plot of id
vs [metal ion] was linear. The results obtained
showed that the reduction was diffusion-controlled.
The plots of log ijid-i VS Ed.e. were linear with
slopes ~ 32 :± 1 mV, corresponding to reversible
re~uctlOn \~lth n = 2. The half-wave potential
shifted contmuously towards more negative values
al!-d the ~iff~si0!l curre~~ decreased with increasing
[ligand], indicating positively a complex formation
of metal ion with the ligand.
P~ots of -E1/2 vs -log CL (CL = ligand concen-
tration) were smooth curves pointing to the forma-
tion of two or more complex ions, in equilibrium.
The DeFord and Hurnc" method, as modified bv
Irving12, was used for calculating successive stabi-
lity constants of various species. The values of
overall log stability constants, as obtained from
FiO[XJ vs CL curves for the complex species [Cd(ITA)]
[Cd(ITA)2J2- and [Cd(ITA)3J-4 are: 1·78 2·30 + 0.04'
3·39±0·07 and 1·73, 2·36±0·09, 3·20+'0·05 respec~
tively at f1. = 2·5M (KaN03 and I{N03). The
stability constants of Cd(II)-itaconate at f1. = 2·5M
(KN03) were used in the calculation of stabilities
of mixed ligand systems, since the experimental
conditions were identical in the both. ~
For the mixed ligand studv the two concentra-
tions of itaconate chosen wei'e 0·08 and 0'24M at
which 1: 1 and 1: 2 species predominated. Each
solution contained 1 mM Cd2", 0'08M itaconate
and only the oxalate concentration was varied from
0·02 to 0'5011·1. .The ionic strength was adjusted
to 2·511-1by adding appropnate amount of KN0
3
a.t pH 7·0. The exact procedure was repeated for
[itaconate] = 0·24M.
T~e plots of .-Ed.e. VS log ij(id-i) in the two sets
studied were linear with the slope values lying in
the ra~ge 30-32 mV, which clearlv showed that the
reductlO? of C~(II) ion in the absence and presence
of the ligands IS reversible involving two electrons.
T~at the reduction was diffusion-controlled was
evidenced by the direct proportionality of diffusion
current to the square root of the effective height of
the mercury head.
